We reported that aspirin (ASA) abnormally prolongs bleeding time (BT) in uremia. The present study was designed to investigate whether (a) the abnormally prolonged post-ASA BT in uremia is due to different ASA pharmacokinetics and bioavailability that might be a consequence of uremic condition, (b) platelet cyclooxygenase is peculiarly sensitive to ASA in uremia, and (c) ASA affects primary hemostasis in uremia by a mechanism independent of cyclooxygenase inhibition. Our results showed that in patients with uremia, but not in normal subjects, ASA markedly prolongs the BT. This effect is transient and depends on the presence of ASA in the blood. The observed differences in ASA kinetic parameters are not an explanation of the exaggerated effect of ASA on primary hemostasis in uremia. The sensitivity of platelet cyclooxygenase to ASA inhibition is comparable in uremics and in normal subjects. The temporal dissociation between ASA-induced prolongation of BT and the effect on platelet thromboxane A2 generation suggests that ASA inhibits platelet function in uremia by a mechanism distinct from cyclooxygenase blocking. This possibility is strengthened by the observation that ibuprofen at a dose that fully inhibits platelet cyclooxygenase activity does not significantly prolong BT.
Introduction
Aspirin (ASA)' has been used in uremic patients on chronic hemodialysis to prevent thrombosis of the arterovenous shunt (1) . The rationale for the dose and schedule of administration employed was to inhibit platelet thromboxane A2 (TxA2) generation without affecting vascular prostacyclin (PGI2) (2) . Paradoxically, besides being exposed to thrombotic complications, uremic patients also have a bleeding tendency thought to be due to platelet functional abnormalities (3) (4) (5) (6) .
A recent study (7) analyzed the effect of ASA on primary hemostasis in uremia, measuring cutaneous bleeding time (BT) as an overall marker of platelet function. It was found that the same dose ofASA prolonged BT more i'n uremric than in control subjects, suggesting uremic platelets were more susceptible to the inhibitory effect of ASA. This might be due to different ASA pharmacokinetics and bioavailability that might be influenced by the uremic condition (8) . Alternatively, assuming that the platelet-inhibitory activity of ASA is related to the fact that it irreversibly acetylates platelet cylooxygenase (9, 10) and considering that platelet cyclooxygenase may be abnormal in uremia (1 1) , the greater prolongation of BT might derive from a peculiar sensitivity of uremic platelet cyclooxygenase to ASA. Finally, ASA might affect primary hemostasis in uremia by a mechanism independent of cyclooxygenase inhibition.
We have analyzed the issue ofabnormal prolongation of BT by ASA in uremia. Because no data are yet available on ASA pharmacokinetics in uremics, we adapted a method described previously and investigated the relationship between ASA-induced prolongation of BT and ASA kinetic parameters. The relationship between ASA-induced prolongation of BT and its inhibitory activity on platelet TxA2 generation was also investigated.
The present results add some further elements to the complex issue of uremic bleeding tendency And the effect of ASA on primary hemostasis in these patients.
Methods
Subjects. Three groups ofsubjects participated in this study: (a) 18 patients (10 men and 8 women with a median age of 46 yr, range 24-69) with chronic renal failure with anuria. These patients were on regular hemodialysis (12 h/m2, three sessions per week, parallel flow kidney with cuprophan membrane) and were selected on the basis of a hematocrit value > 30% (up to 48%; mean±SD 37±4%) and a normal or slightly prolonged BT (mean4SD 7.88±0.64 min). They were studied 24 h after the end of the first dialysis session. (b) 12 patients (seven men and five women with a median age of 45 yr, range 23-71) with different degrees ofrenal impairment. These patients had not yet been included in a dialysis program. (c) 11 healthy volunteers, members of the Institute staff (six men and five women with a median age of 27 yr, range 24-31) with no renal disease (creatinine clearance > 60 ml/min per 1.73 m2 body surface area.
No patient or control had taken drugs that affect platelet behavior for at least 20 d before the start ofthe study. Al the subjects gave informed consent according to the Declaration of Helsinki.
Study design. Starting from the report of Harter et al. (1) , who found in a randomized double-blind trial that an oral dose of 160 mg of ASA prevented shunt thrombosis in patients on hemodialysis, we studied the effect of a 160-mg oral ASA regimen on BT in relation to ASA bioavailability and to platelet TxA2 generation.
In patients on chronic hemodialysis with anuria, the body weight varies in the interdialytic period according to fluid intake. To minimize this variable and the possible influence of unpredictable absorption on ASA bioavailability, we also gave uremics and controls 100 mg/M2 ASA by intravenous injection and evaluated its effect on platelet function as before.
The pharmacokinetic studies were performed in five patients and five controls with both administration routes. All the subjects fasted for 1788 Gaspari, Vigano, Orisio, Bonati, Livio, and Remuzzi at least 12 h before the study and they received on two separate occasions, with a 15-d washout interval, a 160-mg oral dose of ASA (as capsules prepared by directly weighing ASA) swallowed with 100 ml ofwater and a 100-mg/rn2 intravenous dose (Quinton, Neopharmed, Bollate, Italy). Blood samples were collected from an antecubital vein through a 19-gauge needle and were rapidly transferred into precooled vials containing 50 Ml of 50% potassium fluoride and 50 Ml of a heparin solution (1,000 IU/ml). After immediate centrifugation at 4VC (2,000 g for 20 min), plasma was separated and immediately stored at -80'C for analysis within 2 wk. The loss ofASA through this procedure was < 5%. Venous blood was drawn immediately before and 2, 5, 10, 15, 20, 25, 30, 40, 50, 60, 75, 90, 120, 150, 180 min, and 16 h after each ASA dose for the pharmacokinetic study. During the first 3 h after ASA, blood was drawn through the butterfly needle left in the vein. The line'was kept open by slowly dripping sterile saline.
To obtain additional information on the relationship between ASAinduced prolongation of BT and platelet cyclooxygenase inhibition, ASA (160 mg) was administered twice in three uremic patients on chronic hemodialysis, and BT and serum TxB2 were studied immediately before each dose of ASA and 30 min, 1, 2, and 16 h after administration. These patients received the second oral dose of ASA when the effect of the first dose had worn off but serum TxB2 was still inhibited.
To obtain information on the effect of another cyclooxygenase inhibitory substance, three uremic patients on chronic hemodialysis and three controls received an oral dose (400 mg) of ibuprofen (Brufen, Formenti s.p.a., Milan, Italy), which has been found to suppress platelet cyclooxygenase activity by > 90%.
To investigate whether ASA-induced prolongation ofBT was related to the degree of renal impairment, we studied the effect of a 160-mg oral dose of ASA on BT and serum TxB2 in three normal subjects and 12 patients with different degrees of renal impairment before they needed dialysis treatment. Details on the degree of renal impairment are given in Table I where Fdenotes the free drug concentration determined in the ultrafiltrate and T is the total drug concentration introduced into the system. The concentrations were determined by the HPLC techniques described above.
Serum TxB2. Samples for studying platelet TxB2 production in response to endogenous thrombin were obtained by taking 3-ml native blood samples from the same venipuncture as for the pharmacokinetic study to assay serum TxB2 levels. The samples were incubated at 37°C for 60 min, and centrifuged at 2,000 g for 10 min. The serum was frozen and stored for analysis. TxB2, the stable breakdown product of TxA2, was assayed in unextracted serum preparations (1 1). Serum was assayed at a final dilution of 1:150 to 1:15,000. 5,000 dpm of [3H]TxB2, and sufficient specific rabbit antibodies to bind 40% ofthe tritiated compound were incubated [16] [17] [18] [19] [20] [21] [22] [23] [24] h at 4°C in a final volume of 1.5 ml in each assay tube. Anti-TxB2 was used at a final dilution of 1:250,000. Free and antibody-bound tritiated compound were separated by rapid addition of 5 mg of uncoated charcoal (Norit A), which adsorbs 95-98% of free Tx. Immediately before the addition of charcoal, 0.1 ml of human Tx was added to each tube to prevent the adsorption of antibody-bound Tx. 0.1 ml of charcoal suspension in 0.02 M phosphate buffer, pH 7.4 (50 mg/ ml), was then added to each sample, which was shaken by a Vortex mixer (Cenco Laboratories, Milan) and centrifuged for 20 min at 2,000 g at 4°C. The supernatant solution containing antibody-bound TxB2 was decanted directly into 10 ml of Instagel II (Packard Instrument Co. Inc., Downers Grove, IL). Radioactivity of samples was counted in a liquid scintillation counter (model LS 1800, Beckman Instruments, Inc., Irvine, CA). The smallest concentration that could be measured with 95% confidence was 2 pg/ml for the antiserum, consequently the detection limit for serum TxB2 was 15 pg/mI. Results were expressed as nanograms per milliliter of TxB2.
Statistical analysis. The values for BT were not normally distributed, and differences were compared by Friedman's test (15). The remaining data were analyzed by Student's t test and analysis of variance (16) .
Results are expressed as means±standard deviations. P values < 0.05 were considered significant.
Results
Bleeding time. Cutaneous BT is an overall test of platelet function, and compelling evidence now suggests that BT is the best marker of clinical bleeding in uremia (6, 17, 18) . To assess the mechanism(s) by which ASA inhibits platelet function in uremia, we measured BT in relation to different plasma ASA concentrations in uremic patients and normal subjects. Fig. 1 shows that in uremics the pre-ASA BT values were normal or slightly prolonged. 1 h after ASA, the values were > 15 min in all 12 patients (P < 0.01). The prolongation of BT in uremics was independent ofthe route ofadministration in that both oral and intravenous ASA induced a comparable increase in BT. In normal subjects, BT Table II shows the results obtained when ASA was given twice to uremic patients. This study was done to evaluate the effect of a second dose of ASA administered when the effect of the first one had worn off but the serum Tx was still > 90% suppressed. No significant differences were found in term of post-ASA BT between the first and the second ASA administration. Ibuprofen, used as an alternative to ASA as the cyclooxygenase inhibitor, did not modify the BT values at the different intervals considered (Fig. 2) . Fig. 3 shows highly significant correlation (r = 0.920, P < 0.0001) between post-ASA BT prolongation and serum creatinine, indicating that the abnormal prolongation of post-ASA BT is related to the degree of renal impairment.
Pharmacokinetics. The pilot experiment showed that the two methods used for pharmacokinetic analysis were comparable (Table III) . Because drug pharmacokinetics may be influenced by uremia (8) , and to determine whether the abnormal prolongation of BT induced by ASA in uremic patients was due to different ASA pharmacokinetics or bioavailability, we analyzed the plasma concentration-time profiles of ASA and its major metabolite, SA, in uremic patients and controls.
ASA absorption after oral dosing was rapid (Fig. 4) : the drug was detected in plasma within 5 min and the mean peak plasma concentrations were 2.79±0.72 ,gg/ml in patients and 3.45±1.78 Ag/ml in controls at 23.2±4.3 and 32.0±13.5 min, respectively.
The elimination half-life (t½) was short and similar in both patients and controls (21.5±5.2 and 19.7±5.7 min, respectively). Table IV shows that apparent volume of distribution (V) and total body clearance (CL) were higher in uremics than in controls but only for CL the difference reached a statistically significant value (P < 0.02). The area under the plasma concentrationtime curve (AUC) was lower in uremics than in controls (P < 0.01). Table IV shows that after intravenous ASA t½, was similar in both patients and controls (14.4±4.4 and 17.3±1.4 min, respectively) and shorter than after oral dose. As for oral dose, V and CL after intravenous administration of ASA were higher in uremics than in controls but only for CL the difference reached a statistically significant value. AUC was significantly lower in uremics than in controls (P < 0.01). After the oral dose of ASA, SA levels rose rapidly and eventually exceeded those of ASA in both uremics and controls. Maximum concentration was reached at 1.44±0.62 h in uremics and 1.04±0.34 h in controls, the peak concentrations being lower in patients than in controls (P < 0.02) ( Table V) . SA t½ was 3.27±1.76 h in uremics and 2.48±0.35 h in controls; this difference was not statistically significant. After intravenous ASA, peak SA concentrations in plasma were reached after 0.86±0.38 and 0.55±0.16 h, respectively, in uremics and controls. The mean peak concentration was lower in patients than in controls (Table V) , but the difference was not statistically significant. The t½ was 2.37±1.27 h in uremics and 2.38±0.60 h in controls. AUC were not significantly different but lower in uremics than in controls (Table V) .
The differences in ASA V, CL, and AUC as well as in SA AUC between uremic patients and controls can be explained by the differences in protein binding for ASA and SA. One of the consequences of renal failure is a decrease in the ability ofplasma protein to bind certain drugs. As a consequence the apparent drug volume distribution may increase (8) . We shown) in uremic patients after intravenous administration of ASA than in controls was found. Other kinetic parameters for unbound ASA were not significantly different between the two groups.
To evaluate whether the observed differences in concentration of unbound drug were responsible for the exaggerated prolongation of post-ASA BT in uremics in comparison with controls, we administered to three additional normal subjects a higher dose of intravenous ASA in order to reach values of unbound drug comparable to those found in uremics. We found that in this additional group of normal subjects receiving 160 mg/M2 intravenous ASA, plasma concentrations of unbound drug were comparable (0.22±0.08 ,ug/ml) to those of uremics given 100 mg/M2 intravenous ASA (0.24±0.12 s/ml). However, such concentrations of unbound drug did not prolong BT 1 h after ASA in normals (5.30±0.25 min), thus indicating that differences in the level of unbound drug cannot explain the differences in post-ASA BT between uremics and controls.
In addition, the bioavailability of ASA was not significantly different in uremics and controls. Table IV shows 54.4% ASA bioavailability in uremics versus 58.1% in normal subjects. This latter value is in agreement with the results reported by Pedersen and FitzGerald (21) . Because AUC is a measure of the dose reaching the sampling site, this indicates that 45.6% and 41.9%, respectively, of the administered oral ASA does not reach the peripheral circulation.
A possible explanation for these findings is that ASA given orally may not be completely absorbed, but this cannot be the case in the light of our data (Table V) showing that the AUC of ASA metabolite (in relation to the dose) was not significantly different after oral or intravenous ASA for either uremic patients or controls. Thus it appears that ASA is completely absorbed in uremics, as reported for controls (22) , and hydrolysis by intestinal and plasma esterases must account for its peculiar bioavailability.
Taken altogether, the present results indicate that the abnormal effect of ASA on primary hemostasis in uremia is likely to be independent ofthe drug pharmacokinetics or bioavailability but depends on the presence ofASA in plasma inasmuch as the effect on BT can no longer be demonstrated when plasma ASA concentrations are undetectable. Nonetheless, it has to be pointed out that the relationship between plasma ASA and BT is not a single one: for instance, in the subjects who were given two doses of oral ASA and had BT determinations at 30 min and 1 h, maximum BT prolongation followed peak plasma ASA by a considerable time. The explanation for this phenomenon is not obvious on the basis of the data presented here. Serum TxB2. Acetylation of platelet cyclooxygenase by oral ASA has been shown to be dose-dependent and cumulative with repeated administration (23). To assess the relationship between the effect of ASA on BT and its capacity to inhibit platelet cyclooxygenase, we studied the time course of serum TxB2 formation at different intervals after ASA doses in uremics and normal subjects. During whole blood clotting in vitro, endogenous thrombin activates platelet arachidonate release and its further cyclooxygenation in a time-and temperature-dependent fashion. The consequent presence of TxB2-the stable breakdown product of TxA2-in serum can be taken as a "marker" of platelet cyclooxygenase activity. Fig. 1 shows pre-ASA serum TxB2 values in uremic patients and controls. The means were 153±61 and 225±43 ng/ml, respectively. The difference did not reach statistical significance.
ASA reduced serum TxB2 formation in uremics and control subjects. Fig. 5 shows that the effect ofASA was time-dependent and comparable in uremics and controls for both routes of administration. Oral ASA induced maximal inhibition of serum TxB2 within 15 min in both uremics and controls.
The temporal relation between the detection of ASA in the systemic circulation and acetylation of platelet cyclooxygenase, as reflected by TxB2 generation in serum, is shown in Fig. 5 . A significant reduction in serum TxB2 was observed in both uremics and controls before ASA could be detected in the systemic circulation. These findings extend to uremics the previous observation made in normal subjects by Pedersen and FitzGerald (21) that ASA acetylates platelet cyclooxygenase in the presystemic circulation. After intravenous ASA, serum TxB2 was immediately inhibited (> 90%) in both uremics and control subjects (Fig. 5) . In uremics as well as in control subjects, 1 h after 160 mg of oral ASA serum TxB2 levels was still maximally (> 90%) Abbreviations: AUC, area under concentration-time curve; Cm., maximum concentration; Tm., time of maximum concentration; t½, elimination half-life. * Means±SD of AUC normalized by the dose (100 mg/m2). $ P < 0.02 uremics vs. controls.
inhibited (Figs. 1 and 5 ). Both oral and intravenous ASA had a long-lasting inhibitory effect on serum TxB2 in uremics and controls. 2 and 16 h after ASA, serum TxB2 formation was still > 90% inhibited in both groups (P < 0.01) (Fig. 1) . The identical time course of inhibition of serum TxB2 after oral and intravenous ASA in uremics and controls indicates an identical sensitivity of uremic and control platelet cyclooxygenase to the inhibitory effect of ASA, thus excluding that the exaggerated prolongation of BT in uremics depends on a particular sensitivity of uremic platelet cyclooxygenase to ASA. Moreover, the dissociation between the transient effect of ASA on BT in uremics and the long-lasting effect on serum TxB2 indicates that ASA affects primary hemostasis in uremia by a mechanism distinct from cyclooxygenase inhibition. The finding of comparable prolongation of post-ASA BT after the second dose of ASA (Table II) , when the effect of the first dose had worn off but Tx was still > 90% inhibited, further supports the possibility that ASA induces an abnormal prolongation of BT by a mechanism distinct from platelet cyclooxygenase inhibition. This possibility is further supported by the additional finding that ibuprofen administration to uremic patients despite inhibiting > 90% serum TxB2 was not associated with a prolongation of BT at each interval considered (Fig. 2) .
Discussion
The potential beneficial effect of ASA in preventing thrombosis has been related to its selective, cumulative inhibitory activity (1) . Because moderate doses of ASA abnormally prolong BT in uremics but not in control subjects (7), we became interested in the mechanism by which ASA impairs platelet function in uremia and the relationship between prolongation of BT and platelet cyclooxygenase inhibition. Although ASA has been reported to determine a moderate prolongation of BT in normals (25, 26), the present results confirm our data reported previously (7) and show that ASA does not prolong BT in normal subjects at the doses employed in the present investigation. However, in all the chronic renal failure patients we studied, on regular hemodialysis, selected on the basis of a baseline BT within the normal range or slightly prolonged, post-ASA BT was significantly prolonged.
To verify whether the abnormal post-ASA prolongation of BT in uremics is somewhat related to the degree of renal impairment, we gave oral ASA to normal subjects and patients with different degrees ofrenal impairment. The finding ofhighly significant correlation between the serum creatinine values and BT measurements suggests that the prolonged post-ASA BT in renal failure is related to the degree of renal impairment.
A possible explanation for abnormal prolongation of BT by ASA in uremics is that ASA pharmacokinetics and bioavailability are different in uremic patients and in normal subjects. Because ASA pharmacokinetics had not been studied before in renal failure patients, we adapted to uremics a methodology described previously (13) in order to overcome the interference with the analytical assay arising from "toxins" accumulating in uremia. After moderate oral or intravenous doses of ASA, kinetic parameters were evaluated in uremics and in normal subjects. The results showed that V and CL were higher in uremics as compared with normal subjects whereas AUC was found to be lower. In contrast, ASA bioavailability was not significantly different between uremics and controls. Our results of an abnormal ASA protein binding in uremia could explain the differences in kinetic parameters. A decreased plasma protein binding may be associated with an increased level ofunbound drug with a consequent potentiation in its pharmacologic effect (27) . The present results indicate that this was indeed the case in uremics in that the concentration ofunbound ASA was higher than in controls given the same ASA dose. We pondered whether these findings may explain the exaggerated effect of ASA on BT in uremia. This issue is difficult to address because in uremia there are multicompartmental equilibria between free ASA and cyclooxygenase and the possibility exists that various uremic toxins compete with ASA for platelet cyclooxygenase binding. With all these limitations in mind, we have administered to an additional group of normal subjects a higher dose of ASA in order to obtain level of unbound drug comparable to those found in uremics. Failure to obtain a significant prolongation of BT in this latter group of normal subjects indicates that levels of unbound ASA "per se" might not explain the exaggerated post-ASA BT in uremia. However, this approach has the limitation that, for the reasons mentioned above, kinetic interactions in uremic and volunteers may not be comparable even ifsimilar, free ASA concentrations are obtained. In vivo ASA is rapidly deacetylated to salicylate. Because salicylate-which has not by itself an inhibitory activity on platelet cyclooxygenase-may protect the platelet enzyme from ASA inhibition (28), we wondered whether in uremia the ASA metabolism is impaired to such an extent as to alter the SA-ASA interaction which has been found (at least in test tube and in certain experimental circumstances in vivo) to counteract the effect of ASA on platelet cyclooxygenase. This possibility is inconsistent with the present findings of similar or even higher concentrations of unbound SA in uremics as compared with controls given the same dose of ASA.
An alternative explanation for the longer post-ASA BT is that in uremia an abnormality in the platelet cyclooxygenase enzyme ( 11) makes it more susceptible to irreversible acetylation after ASA administration. However, the findings that the time courses of serum TxB2 inhibition by oral and intravenous ASA are identical in uremics and in controls and 1 h after oral ASA both uremics and controls showed a comparable inhibition of their serum TxB2 generation (94.0±4.5% and 93.3±4.1%, respectively) make this possibility unlikely. 2 and 16 h after ASA, serum TxB2 was still > 90% inhibited in patients as well as in controls suggesting that the irreversible acetylation of platelet cyclooxygenase described in normal subjects also takes place in uremics. One might also consider that the small difference in the percentage of post-ASA serum TxB2 inhibition that we found between uremics and controls may reflect a different degree of inhibition of TxA2-dependent platelet function. However, a comparable inhibition of platelet cyclooxygenase in uremia after 2 and 16 h, whereas BT was prolonged after 2 h but not after 16 h, tends to exclude that this possibility explains the abnormal post-ASA BT in uremia.
Once a different pharmacokinetics or a peculiar sensitivity of uremic platelet cyclooxygenase to ASA have been excluded, the fact that ASA does not prolong BT in normal subjects whereas it has a marked effect in uremia can be explained by the existence of multiple independent pathways of platelet activation. In normals, the compensatory role taken by pathways other than those inhibited by ASA prevents post-ASA BT from being excessively prolonged. At variance in uremics, ASA (29, 30) . The platelet response to PAF in vitro has been tested in the patients under consideration here, and found to be markedly impaired or absent (data not shown). Within the limits that the role of PAF in primary hemostasis has not been defined yet, one can speculate that in uremics the sudden inhibition ofTxA2 synthesis adds to the defective platelet response to PAF resulting in an increase in post-ASA BT. One of the problems with this interpretation is that serum TxB2 is equally inhibited 1 and 16 h after ASA in uremics whereas BT is prolonged at I h but has returned to basal values at 16 h. Actually the temporal dissociation between the effect of ASA on platelet TxA2 synthesis and the effect on BT in uremia suggests that ASA may have two distinct inhibitory effects on platelet function: a long-lasting effect which blocks platelet TxA2 generation and a transient effect which interferes with one of the determinants of normal BT. It is noteworthy that, at variance with the effect on serum TxB2, the effect of ASA on BT is dependent on the presence of ASA in circulating blood. When plasma ASA concentration decreased the effect on BT was less pronounced, and no more prolongation of BT was seen when ASA was no longer detectable in plasma.
Altogether, these observations suggest that studies on BT in uremia may have unmasked a new mechanism by which ASA inhibits platelet function which, on theoretical grounds, might also operate in the nonuremic population. As an alternative explanation of the abnormal prolongation of post-ASA BT in uremia, the possibility of BT In conclusion, the present studies suggest that, unlike in normal subjects, in uremic patients ASA consistently induces a marked prolongation of BT. This prolongation is transient and cannot be demonstrated longer when plasma ASA concentrations are undetectable. The different post-ASA BT in uremics and controls does not appear to be a consequence of peculiar ASA pharmacokinetics inasmuch as the differences we have found in ASA and SA kinetic parameters, in uremia in comparison with normal subjects, are not such to justify an exaggerated effect of ASA on platelet function inhibition. In both uremics and controls, moderate doses of ASA induced longlasting inhibition of platelet TxA2 synthesis, indicating irreversible acetylation of the platelet enzyme in both conditions. The temporal dissociation between the effects of ASA on BT and on platelet TxA2 generation suggests that mechanisms other than cyclooxygenase inhibition are responsible for the inhibitory effect ofASA on platelet function in uremia. The finding ofa prolonged BT, after the second dose of ASA given when the effect of the first one on BT was worn off but serum Tx was still inhibited, actually indicates that ASA-induced prolongation of BT in uremics may be independent of cyclooxygenase inhibition. Finally, our present results that ibuprofen at a dose that fully suppresses platelet cyclooxygenase is unable to prolong BT in uremics further support the concept that ASA-induced prolongation of BT in uremia is independent of platelet cyclooxygenase inhibition.
